. Map of the pZE21 Y12 a12C plasmid used to clone essential genes for riboregulated expression. Essential genes were amplified with KpnI and HindIII overhangs for cloning into those unique restriction sites. Primers designed to amplify riboessential cassettes from this vector were modified with genome targeting homologies to generate dsDNAs capable of site-specific integration on the E. coli chromosome. Table 4 ) was grown to mid-log phase and diluted 1:1,000 into EZ rich defined media (Teknova) containing inducers, biotin at various concentrations, both, or neither. OD600nm was measured on a robotic plate reader over 48 hours to assay growth. Optimal growth was seen at 20nM and strong growth was seen at 2nM biotin supplementation. No growth was observed below 2 nM biotin.
Supplementary Figure 2. Determining biotin supplementation requirements in defined media. EcR1pyr (Supplementary

Supplementary Figure 5. Riboregulated cat displays AND logic.
Kinetic growth curves (xaxis of each subplot: 0-15 hours) monitored by optical density at 600nm (y axis of each subplot: 0-1.5 OD) of strain carrying episomal riboregulated cat gene in different concentrations of inducer (aTc for taRNA at 20 ng/ml, and IPTG for crRNA at 100µM -by column) and chloramphenicol (cam -by row). Above a threshold of chloramphenicol concentration, the strain only grows in the presence of both inducers thereby displaying AND logic. Figure 6 . Workflow for the competitive co-culture experiment used to determine fitness of safeguarded strain relative to ancestral control. Competitor strain is marked with lacZ -allele (1) giving white colonies on IPTG+ XGAL+ media while safeguard strain has lacZ + allele giving blue colonies on the same media. This allows the two strains to be discerned on differential permissive media (+IPTG, +aTc, +XGAL). Since only the safeguarded strain carries a kanamycin (kan) resistance gene, only escape mutants can grow on media containing kan without inducers. Both strains carry the carbenicillin (carb) resistance gene bla and can therefore both be grown on media containing carb, IPTG and aTc.
Supplementary
Supplementary Figure 7.
lacI supplementation can restore inducer dependence in escape mutants. Four independent escape mutants of the ribA ribo-essential strain isolated from colonies that arose on nonpermissive media show inducer independence since they are able to grow robustly on media lacking aTc and IPTG (top). Transforming each of these four isolates with a plasmid that carries arabinose-regulated lacI results in strains that regain inducer dependence in the presence of arabinose (bottom). This result suggests that mutations in lacI are an important mode of escape.
Transplanted from permissive media
Supplementary Figure 8. Multilayered safeguards reduce leaked viability. (A)
Cultures of EcNR1, EcR1rib, EcR1rib+, and EcR1ribR2nad+ were grown to OD 0.8 then diluted 10 5 -fold in PBS and spread over permissive media (aTc, IPTG, and arabinose) and over non-permissive media (no inducers). Plates were imaged at various timepoints. In the absence of induction, the EcR1rib strain shows severely attenuated growth, forming extremely slow growing colonies that start to become visible after 48 hours. With supplemental repressors and lacIq1 (EcR1rib+), uninduced growth is substantially attenuated, and rare microcolonies only become visible at 168 hours. With 2 riboregulated essential genes, no microcolonies are observed. (B) EcNR1, EcR1rib+ and EcR1ribR2nad+ were grown in permissive liquid media then plated to count initial CFU (blue), then washed, and inoculated into either permissive (P) or nonpermissive (NP) liquid media. After 24h growth in P (green) or NP (red) liquid media, cultures were plated on permissive solid media to count persistent CFU. EcNR1 in NP media not applicable (N/A). Table 4) were inoculated into permissive LB media (IPTG, aTc, and arabinose) with carbenicilin to maintain sterility. After overnight growth, each replicate was diluted 1:1,000 into fresh permissive media, and samples were plated on permissive and on nonpermissive media (carbenicilin only). Every twelve hours for 5.5 days (11 time points), cultures were diluted 1:1,000 into fresh permissive media and plated again. Total CFU counts on permissive media were used to calculate elapsed doublings (generations). The quotient of nonpermissive CFU counts divided by total CFU counts were used to calculate the escape frequency of each replicate at each timepoint. Error bars represent the standard deviation of escape frequency measurement for each strain at each timepoint (n=3). 
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